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MATHEMATICAL APPENDIX: Objective function
Here we describe the objective function of the Dali algorithm and the normalization of structural similarity scores to obtain the Z-score (Supplementary Figure 1) . Let's consider two proteins labeled A and B. The match of two substructures is evaluated using an additive similarity score S of the form:
where i and j label residues, L is the number of matched pairs (the size of the common substructure), and is a similarity measure based on some pairwise relationship, here on the CA-CA distances a(i,j) and b(i,j) in structures A and B, respectively. Unmatched residues do not contribute to the overall score. For a given functional form of (i, j), the largest value of S corresponds to the optimal set of residue equivalences.
The Dali algorithm searches for the largest common substructure between two proteins. So, one needs to define a similarity measure that balances two contradictory requirements: maximizing the number of equivalenced residues while minimizing structural deviations. The use of relative rather than absolute deviations of equivalent distances is tolerant to plastic deformations and the cumulative effect of gradual geometrical distortions. In Dali, the residue-pair score has the form of Equation S2:
where r(i,j) is the average of a(i,j) and b(i,j), is the similarity threshold, and w is an envelope function. Dali uses the value of equal to 0.2. Since pairs in the long distance range are abundant but less discriminative, their contribution is weighted down by the envelope function w(r)=exp(-r 2 / 2 ), where , calibrated on the size of a typical domain.
For random pairwise comparison, the expected Dali-score (Equation S1) increases with the number of residues in compared proteins. In order to describe the statistical significance of a pairwise comparison score S(A,B), Dali server uses the Z-score defined as
where the denominator is an estimation of the average standard deviation of scores for various lengths of protein chains. The approximate experimental relation between the mean score m and the average length = ( ) ) (with N<400) of two proteins with n(A) and n(B) residues, is given by:
